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1.0 

INTRODUCTION 

i 

The purpose of  this Toxicity Assessment Technical Memorandum is to present the toxicity 
factors that wll be used in the human health risk assessment for Operable Unit No 6 (OU6) 
at the Rocky Flats Plant This Technical Memorandum presents EPA-verified and provisional 
carcinogenic slope factors (SFs) and noncarcibGenic reference doses or reference air 
concentrations (RfDs or RfCs) for potential ckemigs 4 concern detected in environmental 
media in OU6 In the human health nsk assessment, e m b e d  levels o f  intake o f  chemicals 
of  concern are compared wth the toxkity factors to estimate potential risk associated wth 
exposure 

Toxicity factors are provided for all potential chemic&$ .of Goncnrn; i e , metals and 
radionuclides detected above barckground levels apd all detect8d organic target analytes 
Chemicals o f  concern for evaluatmn ~n &e quantitati%e b&linem& Lsessment were selected 

-i 

using established prwedures from EPA guidance (WSEPA '1989) and agreed upon by all 
parties to the Inkrpgency Agreement for Rwky Flats s r m d  in 1991 The detads and the 
results of the chemical$ ef concern selection procks &e presented in Technical Memorandum 
No 4, Chemicals ,of Concern (USDOG 19?b - n_uly 

The principal indexes of toxicity for c"tkent~c$als"w~$~ noncarcinogenic effects are the oral RfD 
and inhalation RfC RfDs atid9RfCs can%@ mnsidered threshold doses or exposure levels 
At chemsai doses or exposures Mow threshold values adverse effects are not expected to 
occur RfDs h d  RfCs ifimpgrate a number of safety factors to ensure that they are 
protective of the health of all human populations, including sensitive subgroups (e g , children 
and the elderly) 

- 
~ ' 

** x * -  

w 'h 

Oral and inhalation SFs are used to characterize the potency of carcinogens SFs are used 
to estimate the upper-bound probability of an individual developing cancer as a result of 
exposure to a potential carcinogen A SF is a dose-response factor used to relate carcinogenic 
response to chemical dose EPA policy assumes that carcinogenic responses have no 
threshold, and that exposure to a carcinogen may result in some finite cancer risk at any dose, 
no matter how small (USEPA 1989) 

I 

iI - 
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Slope factors for radionuclides are denved considenng the energy level o f  the radionuclide 
and residence time of  the radionuclide in various body tissues Duration o f  exposure is 
determined by the residence time of  the radionuclide Adverse health effects of external 
exposure to radionuclides are determined by the energy level o f  the radionuclide and durabon 
of  the exposure (1 e ,  time spent at the exposure point) 

EPA assumes that any dose o f  a radionuclide has &fie potential to produce carcinogenic effects 
(no threshold) EPA does not recommend the evaluation of  noncarcinogenic effects o f  
radionuclides because the impacts have been shorn to be insignificant compared to 
carcinogenic effects at most EPA Superfund sites with rachonuclide contamination (USEPA 
1989) EPA has developed both internal (1 e ,  inhalation and ingestion) and external SFs for 
the carcinogenic response to radimdclide exposure (USEPA 1993a and 1994) Although 
more recent data on radionuclide dbse-response relationshps than that used to develop the 
EPA SFs are avslllable (1 e ,,the NRC 1990 $E.IR V report and I6Rp Pubheation No 60), they 
have not yet been approved by Therefore, the currently awrowd EPA SFs (USEPA 
1993a) wdl be used in the toxiclty assmkent sectton Z$e%uman health risk assessment 

-* 
i b  

for OU6 

Note on assessink effcctsZ’Pderma1 exDosure* ,Oral toxicity factors are generally used to 
evaluate toxic e€fects from dermal contaGt _*=th -c_o__ntminated media This approach is 
acknowldgedhy EPA (WEPA 198qa 1992) ,Oral toxicity factors relate the toxic response 
to an*adminis?ered (1 e ,  ingested) ddse df cheqcitls, only some of  which may be absorbed 
by %he body, whereas dermal absorption r&ults Jn an absorbed dose of  chemicals Therefore, 
USEPA (I 989) suggests adjusting the oral toxicity factors by chemical-specific 
gastrointestinal absorption ’mtes, d f  avmlable, to yield toxicity factors for dermally absorbed 
chemicals Regarding using orat tbxicity factors to evaluate response to dermal exposure, 
USEPA (1992) states 

- - *% - v\ - .*** 

,A& 

Until more appropriate dose-response factors are available, it is recommended 
that assessors use the oral factors Alternatively, i f  estimates of the 
gastrointestinal absorption fraction are available for the compound of interest 
in the appropriate vehicle, then the oral dose-response factor, unadjusted for 
absorption, can be converted to an absorbed dose basis Lacking this 
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information, the oral factor should be used as is accompanied by a strong 
statement o f  the uncertamty involved (p 10-9, 10-10) 

Since chemical-specific gastrointestinal absorption rates are not available for most chemicals, 
unadjusted oral toxicity factors wrll be used initially to assess effects o f  dermal absorption 
If dermal absorption o f  particular chemicals is demonstrated to be a potential significant 
contnbutor to overall risk in the risk assessment, a Qore detailed analysis of the toxicity by 
dermal absorption may be warranted 

L %  

USEPA guidance (USEPA 1989) states &at it is inappropriate to use oral SFs to evaluate the 
risks associated wth dermal exposureto .polycyclic aromatrc hydrocarbons (PAHs), which can 
cause skin cancer through direct actilln at%e point of  application In accordance wth EPA 
guidance, generally only a qualitative assessment of  risks-frPom dermal expi)sure to PAHs is 
possible Therefore, only orgl exposures taPA;Hs w11 be evalqatq quantaatively in the risk 

assessment *- - a  

la e 
\ 

The m s ,  RfCs, andSFs that wll  be used in the OUd nsk assessment were obtained from 

the following sources 
* a- 

----a 

hArs k;ltegrated lirsk @formatmd$meA on-line database (USEPA 1994) 
n 

% 

* * =A's Health Effects Acsessmem Aummary Tables (USEPA 1993a) 

* 
* P A ' s  Envimnmeptd Criteria and Assessment Office (ECAO) for interim and 

provisional +dues 

Section 2 0 of this Technical Memorandum discusses the basis of  toxicity factors for 
chemicals and radionuclides and presents the chemical-specific toxicity factors that w11 be 
used in the risk assessment Section 3 0 lists the references cited 

I 

_ ^ -  rl - 
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2.0 

TOXICITY FACTORS 

The followng sections discuss the derivation o f  RfDs, RfCs, and SFs Table 2-1 presents the 
RfDs and RES for noncarcinogenic effects as well 8s SFs and the cancer weight o f  evidence 
for carcinogenic effects for potenhal chemicals of concern at OU6 Toxicity factors for 
inhalation and ingestion exposure are included “m the table if available Table 2-1 also 
includes the inhalation RfDs calculated from RfCs uslng4he equabon described in section 2 1 

* Y  

Table 2-2 contins cancer slope fact&$ for inhalation, ingestion, and external exposures to 
radionuclides EPA considers the cn.trcd)effect of  radionuclides to be carcinogenesis and the 
weigh-of-evidence to be Class A (human ,carcinogen) 

\ 

2.1 TOXICITY FACTORS; -RDR NON~RCINOGI”  EFFECTS OF 
% 

CHEMICALS “. 
Y 

v 

rn 

Substances that prduix noncarcinogenic effects are generally thought to have a threshold 
dose below whi& there aie no pbservable advem health Mects In developing a toxicity 
value for noncarqnogenic effects, the a p p a d d J y y  EPA is to identify this threshold 
dose, or m-&served-adverse-effect b e l  (MaCr@L), through studies wth laboratory animals 
or from epidemrological (human) stu&eS A‘NbAEL is defined as an experimentally (or 
epidemwlogically) determined kghest dose‘at which there was no observed statistically or 
biologically significant efYeest ofmp~cem For certain substances, only a lowest-observed- 
adverse-effect,level (LOA&L)”has been determined This is the lowest dose o f  a substance 
that produces either a statistically or,biologically significant indication o f  the critical toxic 
effect The NOAEL or the LOAEL may be used in conjunction wlth appropriate uncertainty 
factors to calculate the IUD (or RfC) of a particular chemical (USEPA 1989) Uncertamty 
factors (usually a factor of  10 each) are used to account for protection of sensitive individuals, 
extrapolation from animals to humans, extrapolation from subchronic studies to chronic 
exposure, and extrapolation from LOAELs to NOAELs In addition, modifying factors 
ranging from >O to 10 may be included to reflect a qualitative assessment o f  addibonal 
uncertainties in the derivation of  the IUD or RfC 

I *- ** 

* T  

I8 - 
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The majority o f  our toxicological knowledge o f  chemicals comes from experiments on 
laboratory animals Experimental animal data historically have been relied upon by regulatory 
agencies and other expert groups to assess the hazards of  human chemical exposures, 
although uncertainty is inherent in this approach because there are known interspecies 
differences in chemical absorption, metabolism, excretion, and toxic responses There are 
also uncertainties concerning the relevance of  animal studies using exposure routes (i e ,  
intravenous inject~on) that differ from the human exposure routes under consideration 
Additionally, the extrapolation o f  results from short-term or subchronic animal studies to 
long-term exposures in human has inherent wcerhnty (USEPA 1989) 

4 

z *  

Despite the limitations of  experimental mima1 data, such information is essential for chemical 
toxicity assessment, especially in tbe &mnce of  human epidemiological evidence The 
uncertainty factors used in the denvkoaof  RtDs and R$Cs,are intended to compensate for 
data limitations The use Qf uncertainty factws is conserhtqve+y desyn and is meant to 
result in protective toxicity vt&es'*(USF%PA 1989) -h The EPA bqes .the RfD on the most 
sensitive animal species tested (i Q , de3pecies that axperme<c& adverse effects at the lowest 
dose) RfDs are t y p d l y  calcolated by dividing the NBAE*i(or LOAEL) by uncertamty 
factors, which range"from 10 to 1000 EPA 'has developed a standard set o f  uncertanty 
factors to accc&t for varJa6onsan the sensitivity OF mdividuals wthin a population and the 
extrapolation ok data from experimential aaraanals ~ahun;ians The RfD is expressed in units 
of  intake~rPltI~grams,oEchemical.~ kilogram of body weight per day (mgkg-day) for oral 
exposure The hethodology for derh$g Wkw &ore fully described in the EPA's current 
humm health risk assessment guidance (WPEPA 1989) 

-% 

w---aw 
w 

r e a  1 . -  

b 

Potential hazards from inhgatwn exposures may be estimated by companng an air 
concentration of a chemical to @e RfC RfCs are expressed in concentration units o f  
milligrams of chemical per cubic meter of  air (mg/m3) For the purposes o f  the OU6 risk 
assessment, in order to assess cumulative effects of both oral and inhalation exposures, the 
RfCs are converted to inhalation RfDs so that chemical intake, rather than inhalation 
exposure, can be evaluated A body weight of  70 kg and a respiration rate of  20 m3/day are 
used to convert the RfC to the RfD (mgkg-day) using the followng equation 

The EPA defines a chronic IUD (or RfC) as an estimate of  a daily exposure level for the 
human population that is unlikely to result in deleterious effects during a lifetime (70 years, 

- (4047 832 0013 853)@1)(9/1/94 3 15 pmX1) 2-2 



according to EPA guidance) A chronic RfD is used to evaluate the potential noncarcinogenic 
hazards associated wth long-term chemical exposures (7 years to a lifetime) Subchronic 
RfDs have been developed for some chemicds 20 characterize potential noncarcinogenic 
hazards associated wth short-term chemic? %patares The EPA defines subchronic 
exposure as penods ranging from 2 weeks to 7 years (USEPA 1989) Subchronic RfDs tend 
to be higher for many chemicals, generally by a factor o f  ten, than chronic RfDs because 
higher doses can be tolerated for a &brter exposure duration Only chronic RfDs and RfCs 
are shown in Table 2-1 h 

2.2 SLOPE FACTOR$ FDR~CARCINOGENIC EFFECT$ -OF CHEMICALS 
”-a 

In estimating the risk posed by pqential carcinogens, it is ‘EPA-practice to assume that any 

exposure level is G c i a t e d  wtb ‘B finite probability, However minute, o f  producing a 
carcinogenic resphse This is a conservative (prohctive) *assumption that may overestimate 
the response toylow asses -of some suspected mrchogerrs, especially those for which there 
is scientific *-- evidence n_ o€q threshold dose ~ In ather words, EPA assumes that a small number 
o f  molecukif””events can evoke changes m a spn@ cell that can lead to uncontrolled cellular 
prohhration Thls mechanism for carcinogewi$is referred to as “non-threshold” since there 
is thearetrcally no level of exposure that does not pose a small probability of producing a 
carcinogenrc,,response 

x_ 

”% - =  I& *--/ 

> i  

The EPA also uses an evaluation phcess in which the chemical is assigned a cancer weight- 
of-evidence classification The weight-of-evidence classification describes the degree of  
confidence or likelihood, based on scientific evidence, that the substance is a human 
carcinogen Table 2-3 defines the current EPA weight-of-evidence classification system 

SFs for most chemicals are usually based upon the results of animal studies which, as 

previously discussed, involve uncertainty There is uncertainty whether all animal 
carcinogens are also carcinogenic in humans While many chemical substances are 
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carcinogenic in one or more animal species, only a small number o f  chemical substances are 
known to be human carcinogens The EPA assumes that humans are as sensitwe to all 
animal carcinogens as the most sensitive animal species This policy decision is designed to 
prevent underestimating risk and introduces the potentd to overestimate carcinogenic nsk 
(USEPA 1989) 

SFs are calculated from experimental or epidemiological data that quantitatively define the 
relabonship between average lifetime dose and carcinogenic risk (USEPA 1989) A number 

o f  mathematical models and procedures have been developed to extrapolate from carcinogenic 
responses observed at high doses in labmtory animals te  potential responses expected at low 
doses in humans EPA uses a conservative mathematmil model, the linearized multistage 
model, for low-dose extrapolation EPk identifies the SF as the upper 95th percentile 
confidence limit of  the slope of  the mdting dose-response curve The,SF is expressed In 

units of  nsk per mgkg-day or (mgkg-day)' and is used % a imat6  excess incremented 
lifetime cancer-risk from the bE&he awrage dady aa@ke o f  a chmicai) This represents an 

estimation o f  an upper-bound pr&abili@ihat an in&v&w&Zlf&&op cancer as a result of 
exposure to the potential carcmogen This model- gr6vdes  a conservative (protective) 
estimate o f  cancer fisl at low dosgs and is likefy $0 overestunate the actual cancer nsk The 
EPA acknowledges thata&ddFs are likely to%e between zero and the eshmate provided 
by the linearize?i multistage model (USEP&J9f@& ~ 

P 

% h\L 

\ 

w *v-*-"*I ~ 

z 3 SLOPEJACTORS FOR IE~DIBNU(;LIDES 
P* % Y 

(u 

EPAs Health Effects Assessment Su6ku-f Tables (USEPA 1993a) list cancer SFs for 

selected. aathomctides of  po%ntial %concern at Superfund sites These values were calculated 
by the Offioe of  Radia&m "Programs and are intended for use in human health risk 
assessments EPA classifies all ra&muclides as Group A carcinogens based on the extensive 
weight-of-evidence provided by e6demiological studies of  radiation-induced cancers in 

humans According to EPA, potential health risks at most CERCLA radiation sites are 
usually based on the radiotoxicity (radioactivity), rather than chemical toxicity 

Radionuclides that enter the body may become incorporated into body tissues and emit alpha, 

beta, or gamma radiation for the duration of the radionuclide's lifetime The potential adverse 
effects o f  radiation are proportional to energy deposition The energy deposited in tissues is 
proportional to the decay rate and the type o f  radiation (alpha, beta, gamma) rather than the 
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mass of  the radionuclide (USEPA 1989) Radionuclide intake is typically expressed in terms 
o f  activity, either Cunes (Ci) or Becquerels (Bqs) rather than mass (mg) Activity refers to 
the number of nuclear disintegrations per unit time The histonc unit of  activity is the Ci, 
which is equal to 3 7 x 10'' disintegrations per second The SI (Systeme Internationale) unit 
o f  activity is the Bq, equal to one disintegration per second (1 Bq = 2 7 x 10 Ci) EPA SFs 
are provided in both units, risk per picocurie (pCi or 1 x 10 l 2  Ci") and risk per Bq (Bq) 

This Technical Memorandum uses radionuclide SFs expressed in risk per pCi (Table 2-2) 

EPA SFs for radionuclides are characterized as best ewmates (median or 50th percentile) o f  
the age-averaged, lifetime excess total Cancer incidefice (fatal and nonfatal) risk per unit 
exposure to a radionuclide The S B  &e based on the unique chemical, metabolic, and 
radiological properties o f  individual radionuclides They were calculated using a non- 
threshold, linear dose-response mo& The model account8 for the amount of  radionuclide 
absorbed into the body, distribution, ard tefeqtion, as well M t h  age,$ex, and weight of  an 
average individual Therefore,%PASFs for radionuclides are not eqrRssed as a function of 
body weight or time, and do not %quire correctimas %r,abso&tion or lung transfer 
efficiencies These slope factors include daughter products when apipropriate (USEPA 1993a) 

" %  < 

C "  

Ingestion and inhalation QFtwstimate risk per "tznit"af activity inhaled or ingested expressed 
* ?  

as risk/pCi Ext&d expo%e SFs a&b&fs&ti&tes bf risk for each year of  exposure to 
external radmtron fkm Moton-emiging r&enuclides distributed uniformly in a thick layer 
o f  soil S e y  are expressed as risktyfper pC@'@n soil It should be noted that the dose 
deli?emed to tissues from external radiahn occurs only while the radiation field is present 
However,%e dose delivered SO bady tissues due to intake of  radionuclides consumed in soil, 
water, and/or faad continues bfi~ after intake of  the radionuclide has ceased 

'* -- U X ( %  -_ *j 

h. 

Radionuclide concentrations in air, water, or soil are multiplied by intake rates for internal 
exposure, or by exposure times for external exposure, and then multiplied by SFs to estimate 
potential health risk Radionuclide intake can also be multiplied by a dose coefficient to 
estimate equivalent dose, which can then be compared to a radiation protection standard 
Differences in the biological effects of  different types of  ionizing radiation (1 e ,  alpha, beta, 
gamma) are accounted for in the dose coefficients Table 2-4 contains the dose coefficients 
for plutonium-239, plutonium-240, americium-24 1, and uranium isotopes They are the chief 
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radionuclide chemicals o f  concern for OU6 identified in the Chemicals o f  Concern Technical 
Memorandum (USDOE 1994) 

Equivalent dose can be calculated for the whole body when there is uniform irradiation of all 

tissues, or for individual organs when selected tissues are irradiated non-uniformly Rem 
(radiaoon equivalent man) is the conventlonal unit o f  dose equivalent The corresponding SI 

unit, the Sieved, is equal to 100 rem Absorbed dose is the energy deposited by ioninng 
radiation per unit mass o f  absorbing material (1 e ,>tissue) Ionizing radiation can only have 
adverse effects on biological tissues when the 'radmtion is absorbed in tissue The 
conventional unit is the rad which is eqwl to 100 erg'ergram The SI  unit, gray, is equal 
to 100 rad 

b 

7 
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TABLE 2-1 
ROCKY FLATS OU6 

TOXICITY FACTORS FOR 
ORGANIC COMPOUNDS AND METALS 

s Slope Factors Re aencsDopa ReemKm 

-9 
1 1 D l c h l w  
1,l -Dichloroethene 
1.2,CTnchlorobenzcnc 
1 2 D l c h l d  
1,2 Dlchloroethene 
CIS-~,~-DICM- 
1,4-Dichlorobcnzene 
2 Butanone 

CMethyl2-pemnom 
CMethylphenol 
Acenaphthene 
Acaone 
A l h  
Alumnum 
Anthracene 
-Y 
AnenlC 
BMum 
Benzene 
Wa)anthracene 
W a b v  
&nzo@)flUW- 

B=*)flu-@-% 
BenzOlCacd ” 

&nyld*l 

2Chlorophmol 

**‘p%, 
BLs(2HkyWxyl)phthaIate 

Butyl benzylphthalate 
Cadmium (food) 
Cadmrum (water) 
Carbon disulfide 
CarbontetraChIonde 
Chloroknzcne 
Chloroform 
C h u m  I11 
chrysme 
cobalt 
Di n-butylphthalate 
Di-natylphthalate 
bt=n”- 
Diethyl phthalate 
Ethylbenzene 

ButylbenzeAC tcrt) 

6 OM1 (1) 

9 1E-02 (1) 

2 4E-02 (2) 

17E+01 (L) 

1 ‘t&oo (7) 

2 9 M 2  (1) 

P 3E.cOO (4) 
7 %-01(4) 
7m-m (4) 

I _ -  

7 3Ml(S 

4 3 E W  (1) 
1 4E-02 (1) 

13E-01(1) 

6 1E-03 (1) 

7 3E-02 (4) 

7 3E+00 (4) 

12E-01(2) 

9 1E-02 (1) 

- “ .  

< - \  

n i w w  
“- 

15h-01 (7) 

2 9E-02 (1) 

7 ,  
\ -  

S 4E+00 (1)” 

C3E+OO (1) 

5 2Ea2 (1) 

8OE-02(1) 

1 OM1 (2) 
9 OE-03 (1) 
1 OE-02 (1) 

9.QE-03 (2) 
c o r n 2  (2) 

6 OW1 (1) 
5 OE-03 (1) 
5 OM2 (2) 
5 W 4  (6) 
6 0-2 04 
1 OE-01 IQ 
3 OM5 (1) 
.pW? (6) 

“-%4wo lTT7 + 

4 oE-04’0. 

-? o w 2  (1) 
3bEd4  (1) 

Wd 

4 OE+OO (1) 
3 OEal(2) 
5 OE-03 (1) 
20E-o2(1) 
I OE-02 (6) 
2 OE-01 (1) 
1 OE-03 (1) 
5 OE-04 (1) 
1 OE-01 (1) 
7 OE-04 (1) 
2 0 M 2 ( 1 )  
1 OE-02 (1) 
1 OE+OO(l) 

6 OW2 (6) 
1 OE-Ol(1) 
2 OE-02 (2) 

8 OE-01(1) 
1 OE-01 (1) 

3 ooM3 

2 30E-0 1 
3 00E-01 

2 30E.02 

1 40E-04 

2 90E-03 

5 70E-03 

3 00E-01 

m g h ’  
5 OE-01(3) 

9 OE-03 (3) 

8 OE-01(2) 
1 OEM0 (1) 

8 o m 2  (3) 

5 o m  (3) 

1 OE-02 (2) 

2 OE-02 (3) 

1 OEM1 (1) 

I -_ 
-r 
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TABLE 2-1 
(Concluded) 

M y t e  
Fluoranthme 
Flu- 
gatm~-BHC 
Heptachlor epox~de 
~ndmo(i 2 . 3 4 ~ -  
Llthlum 

Manganese (food) 
Manganese (waier) 

Mercury 
Mcthylmc chlonde 
Molybdenum 
Naphthalene 
Nickel (salts) 
Nitrate 

Phenol 
Polychlonnated biphenyls 

Selemum 
SllVCr 
SUOlltlUm 

stynne 
Tetrachlwathme 
rhallium (om&) 
TUl 
Toluene 
Tnchloroethenew 

Vanadturn 
zlnc h 

P c n t a c h l ~ o l  

pyrme 

- %  Xylenes 

Slope Factors Weight of Ref- Doses 
oral Inhalation E V l h  Oral Inhalation (*) RR: 

sowca 

(2) = HEAST 1994 
(3) - HEAST 1994 Table 2 
(4) = (EPA 1993b) 

(I) = IRIS 

9 lEMO(1) 
7 3E-01(4) 

7 SE-03 (1) 

1 2E-Ol(l) 

7 7E+00 (13 

e- 

5 2E-02fSh .- 

I ,E-0lf5) 

~ -. 

4 OE-02 (1) 
4 OE-02 (1) 
3OE-04(1) 
I 3E-05 (1) 

2 OM2 (6) 
14E-01 (1) 
5 W 3  (1) 
3aE-04 (2) 
6 OE-02 (1) 
5 OE-03 (I) 
4 OE-02 (6) 

1 6ECbQ (I) 

6 OE-01(1, 

2 o w 2  (1) 

3 0E-a (I) 

"- 1 r n 4 ( 1 )  
5 7 3  ($ 
z(fEo3 (ij"* 
6 O W 1  (I)  
ZOEQl(1) 
lOEM(1) 
7 OE-05 (2) 

2 OE-01 ( I )  

2 OEM0 (1) 
7 OE-03 (2) 

& o m 1  (2) 
-\ 

d 

3 o m 1  (1) 

14oE-05 

9 00E-05 
9 00E-01 

c 

2 80E-01 

1 lOE-01 

(5) = Joan S Dollarhide, Superfund Health bsk Techrucal Support center "Camnogerucity Charactmzation of 

(6) = Rovrsloml vdusr for aluminum, butylbaucne, cobalt, lithium, and ~phth.1~11~. USEPA ECAO 
Perchldylcne (PERC) and T n c h l d y l e n e  (TCE) (Luke k r  Force Base Anuwu) ECAO 

(7) = Converted from IRIS UNt risks Oral propod U R = 5 OOE-~S/U~/~ Inhalation U R = 4 30E-03/~g/In3 
Oral SF = 5 OOE-OS x lOOOug/mg x 70kgOL Inhalation SF = 4 30E-03/ug/rn3~1000ug/mgx70kg/20m3 

* Calculated from RfC RID = R E  x 20m3ldayi7Okg. 

5 OE-OS (1) 

3 O M 4  (2) 
3 OE+OO (2) 

1 OE+OO (1) 

4 OE-01 ( I )  
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TABLE 2-2 
ROCKY FLATS PLANT OU-6 

SLOPE FACTORS 
FOR RADIONUCLIDES 

EPA Cancer 
GI Absorption Factor Oral ICRP Lung Inhalabon External Weight of 

Analyte Q(') NsWpQ) Class (*) NSk/PCi) (R&yr/pCr/g) Ewdence 
Amencium-24 1 1E-03 2 4E-10 W 3 2E-08 4 9E-09 A 
Cesium-137 +D 1E+00 2 8E-11 D 19E-11 2 OE-06 A 
Plutonlum-239 1E-03 2 3E-10 Y 3 8E-08 17E-11 A 
Plutoruum-240 1E-03 2 3E-IO Y 3 8E-08 2 7E-11 A 
Rad~~m-226 +D 2E-0 1 12E-10 W 3 OE-09 6 OE-06 A 
Radium-228 +D 2E-0 1 1 OE-10 w *  6 6E-10 2 9E-06 A 
Strontrum-89 3E-0 1 3 OE-12 D 2 9E-12 4 7E-10 A 
Stronbum-90 +D 3E-0 1 3 6E-11 D WE-1 1 0 OE+OO A 
Tntium 1E+00 5 4E-14 * 7 8E-14 0 OE+OO A 
uraruum-23 3,23 d3) 5E-02 16E-11 Y 2 6E-08 3 OE-11 A 
U r a ~ ~ m - 2 3 5  +D 5E-02 16E-11 Y 2 5E-08 2 4E-07 A 
Uranium-238 +D 5E-02 28E-11' ,, Y 5 2E-08 3.,6E-O8 A 

t 

Source HEAST 1993 

'"=Gastrointestinal (GI) absorpuon factors are the f M o n a l  am3mts of eacWra&bmd@e absorbed across the GI tract into the 

(')=Lung clearance classlficauon recommended by the bnternaOona1 Comnussion on &diolo&d Protemon (ICRP) yyear, w e e k ,  

% 
*Y %l 

bloodstream 

d-day, *=gas 
(') = Slope factors shown are for U-234 
A = Class A (human) carcinogen \i 1 %  

+D = Rsks from radroamve deca~products included A25 _- e, .?,,A 

- _ _ j  

a -  * - w -  
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TABLE 2-3 
USEPA CARCINOGENICITY WEIGHT-OF-EVIDENCE CLASSIFICATIONS 

Group A 
Group B Probable human carcinogen 

Human Carctnogen ( M i a e n t  ewdence of mcinogemcity in humans) 

B 1 Limted ewdence of carclnogenmty in humans 
B2 Sflicient mdence of wcinogematy in arumals wth inadequate or lack of 

Possible human carcinogen (linuted ewdence of carcinogeluaty in mmals and 
inadequate or lack of human data) 
Not classlfiable as a human caranogen (inadqwitwor no ewdence) 
Evldence of noncarcinogen for humans (no & d e w  of carclnogen for humans (no 
ewdence of camnogemcity in adequate shxhq) 

evidence in humans ) 
Group C 

Group D 
Group E 

4 %  

*I i 

, 

Sheet 1 of 1 



I 

TABLE 2-4 
ROCKY FLATS OU6 

EFFECTIVE DOSE COEFFICIENTS FOR CHIEF RADIONUCLIDES OF CONCERN ") 

Inhalation 
Radionuclide f, (2) ( S V W  Class @) ( s v m )  External ('I 

Americium-241 100E-03 9 84E-07 W 120E-04 2 99E+OO 

PhltONUm-239 1 00E-03 9 56E-07 W 1 l6E-04 3 78E-02 
100E-04 9 96E-08 Y 8 33E-05 
1 OOE-05 140E-08 

Uramum-234 

Uranium-235 

Uraruum-23 8 

5 00E-02 7 66E-08 D 7 37E-07 8 07E-02 
2 00E-03 7 06E-09 W 2 13E-06 

Y 3 58E-05 

5 00E-02 7 19E-08 D 6 85E-07 171E4-01 
2 00E-03 7,222-09 W 1 97E-06 

Y 3 32E-05 

5 OOE-02 648E-08 D 6 62E-07 6 46E-02 
2 OOE-03 642B.49 w <  1 90E-06" 

\i 

Y 3 2W-05 
". ' ,  

Identified as radionuclides of concern in & Chaical of ConceG ? e c h M  Memo&dum (USDOE 1994) 
% 

h * \  
/ "., '*'Fractional uptake from small intestme t@ brood 

(3'Lung clearance class D = days, W = weeks, Y = years 
(4)1n umts of rmllirem/yr per nii~ocune/quare meters 
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